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ABSTRACT 

The need for calibration of ATM ultraviolet 
experiments is discussed and methods of performing in-flight 
calibration of ATM Experiments S082A, S082B, and SO55 are 
examined. 

Data are presented that identify contributing 
elements to degradation of experiment results, namely: 

1. Optical degradation due to contamination 

2. Film degradation due to radiation, tempera- 
ture and normal aging processes. 

3 .  High vacuum effects on experiment detectors. 

The conclusions that are reached are: 

1. Absolute and relative intensity calibratio 
for these experiments is necessary based 
upon the large data uncertainties that are 
time and wavelength related. 

2.  In-flight caiibration of these experiments 
using other Skylab experiments or instru- 
mentation or standard sources and detectors 
is either not feasible or not practicable 
at this time. Real-time undegraded calibration 
data points using rocket instruments appears 
to be the only reliable technique available 
and practicable. 
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3 .  Examination of a tradeoff between resupply 
of experiment optical elements and detectors, 
use of calibration rocket instruments, and 
development of a standard UV source f o r  
orbital application on future manned space 
flight programs appears to be a worthwhile 
consideration. 

4 .  Consideration should be given to leaving 
some of the contamination sampling devices 
in the ATM through launch, to be recovered 
by EVA at selected time(s) in the mission. 
This would provide additional data points 
on internal contamination with virtually 
no perturbation to the program. 
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MEMORANDUM FOR FILE 

A study was conducted to examine methods of performing 
in-flight calibration of Apollo Telescope Mount (ATM) ultraviolet 
experiments. ATM ultraviolet (W) wavelength experiments in- 
clude the SO55 - Harvard College Observatory UV Polychromator- 
Spectroheliometer operating in the range of from 300 to 1400A, 
the S082A Naval Research Laboratory Coronal Extreme UV Spectro- 
heliograph operating between 150 and 625A, and the S082B Naval 
Research Laboratory Chromospheric X W  Spectrograph which operates 
in the wavelength range of between 970 'and 3940A. 

0 

0 

0 

Attachment I presents in general form: 

1. 

2 .  

3 .  

4. 

The need for periodic calibration of V W  
experiments 

Methods of calibrating experiments 

A survey of ultraviolet illumination 
sources for calibration, and 

Conclusions and recommendations. 

The discussion that follows provides background 
information and explanation of the presentation material in 
Attachment I. This study does not address the subject of 
calibration rocket instruments or launch vehicle requirements, 
nor does it address the requirement for qualification rocket 
flights for the proposed ATM calibration instruments. 
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W Absolute Intensity Measurements 

Attachment I delineates the goals, wavelength ranges, 
optical materials, and detectors associated with the SO55 and 
SO82 experiments. 

Equations are shown that identify the parametric 
relationships used to describe the physical characteristics of 
the Sun. 
intensities and the wavelength distribution of observed 
phenomena in the solar atmosphere, much can be learned in 
understanding the makeup and physical processes of the Sun. 

Reeves ( 3 )  and Tousey (13) have placed the required 
accuracy of absolute intensity measurements roughly between 
10 and 20% at about 1300A, to adequately confirm solar energy 
balance theories and to properly interpret solar structure 
and mechanisms. 

It can be easily seen that knowing the absolute (10) 

0 

It should be pointed out that in 1965 the National 
Academy of Arts and Sciences - Space Science Board stated,(l2) 

"The solar intensity distribution is thought 
to be determined from photographic spectra 
with an absolute accuracy of +lo% from 3000 
to 2500A. At shorter wavelengths the accuracy 
gradually deteriorates to perhaps +20% and to 
- +50% at 1300A . . . I '  
"From 900 to 170A, the most accurate measure- 
ments are those of AFCRL (Hintereggar, et al.) 
made photoelectrically." (The accuracy in this 
range probably falls by abaut a factor of 2 or 3) 

0 
- 

- 
0 

0 

Experiment History 

After manufacture ef ATM LE experiment c o q m e n t s ,  
the experiment is assembled, checked out, calibrated against 
sources of known intensity and wavelength distribution, and 
then undergoes rigorous acceptance testing. Delivery to MSFC 
is followed by mounting of the experiments and other components 
on the ATM spar, completion of spar wiring activities, experi- 
ment checkout, and experiment alignment. The ATM experiment 
package canister is completed and the pointing control system 
gimbal rings are added to the assembly. Subsequent to these 
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necessary processing steps, the total ATM is assembled into a 
functioning spacecraft and post-manufacturing checkout is per- 
formed to eliminate system rtbugs" and verify that all systems 
are functioning properly. At this time simulated mission 
vibration tests are conducted at MSFC. 
to MSC, where thermal vacuum tests are performed on the entire 
system. These tests include simulated mission tests in the 
presence of mission environmental extremes. Thermal vacuum 
tests are followed by delivery of the ATM to KSC by the "Super- 
Guppy" aircraft and commencement of pre-launch processing prior 
to and after integration with the rest of the SL-1 space vehicle. 

The ATM is then shipped 

It is estimated that at least 2 to 2-1/2 years will 
expire between the birth of ATM experiment hardware (i.e., 
fabrication and calibration of optics, etc.) and the flight 
of SL-1. An additional eight months of lifetime in orbit 
will bring the age of the system to approximately three years. 

and detectors after ATM assembly and the requirement for a 
vacuum environment for operation in ultraviolet wavelength 
ranges below 3000A, only a token check of experiment cali- 
bration drift can be performed during this complex processing 
of the flight Apollo Telescope Mount and this is done in the 
MSC Vacuum Chamber prior to shipment of the ATM to KSC. 

Because of the inaccessibility to experiment optics 

0 

Calibration Drift 

Recovery of the absolute characteristics of the 
observed phenomena must be the desired objective of any 
scientific program. 
change of characteristics of ultraviolet experiment equipment 
and scientfic data with time. These changes tend to mask and 
distort the data obtained by the instrument and thus may lead 
to misinterpretation of flight results, or in severe cases, 
the total loss of scientific data. 

Much has been written in regard to the 

Several changes in characteristics of t.1 instrments 
that have been observed and recorded during the life of scien- 
tific experiments are of particular concern to Skylab. 
include : 

These 

1. Optical degradation - Optical efficiency 
changes occur when UV experiment optics are 
exposed to contamination sources, especially 
in the presence of ultraviolet radiation. 
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2. Film degradation - Sensitivity changes occur 
and latent images degrade in the presence of 
radiation, and heat, and from normal film 
aging processes. 

3 .  Photoelectric sensor yield degradation - 
Response characteristics of photomultiplier 
detectors change with time in the presence 
of contaminants and in very high vacuum 
environments. 

These changes are, for the most part, additive, very 
wavelength dependent, and not very predictable. Periodic cali- 
brations must be performed throughout the life of the ATM ultra- 
violet experiments to eliminate these and other data uncertainties. 
Since these processes are generally non-linear, the frequency of 
calibration and the points at which calibration are conducted 
become a very important aspect in the proper adjustment and 
interpretation of scientific data. This is especially true 
when considering very long experiment lifetimes, in uncertain 
and generally hostile natural and induced environments, as in 
Skylab. Linear approximations for very widespread calibration 
data points may lead to unacceptable inaccuracies in the 
corrected experiment data. 

Reflectance Chancres in UV Optics 

The performance of optical materials in space may 
degrade because of much the same environmental factors that 
affect other spacecraft materials. Sublimation, decom o- 
sition, and of fgassing of spacecraft materials in the gigh 
vacuum environment of space (%lo-* torrs) may result in de- 
position of contaminants on optical surfaces and attendant 
degradation in reflectances of these materials. This is 
of particular concern in normal incidence scientific instru- 
ments (similar to SO82 and SO55 experiments) that operate in 
the extreme ultraviolet (XUV) range (between 100 and 2000w) 
where optical efficiencies are very low at best. Figure 6 
shows optical efficiency curves for aluminum overcoated with 

( 5 )  magnesium fluoride, and for gold and platinum optics . 
Optical elements using these types of coatings are particularly 
suitable for extreme ultraviolet spectroscopy because of their 
relatively high reflectance on the far side of the extreme 
ultraviolet wavelength range short of 1050A. For all wave- 
lengths below lOOOA the peak optical efficiency is about a 
factor of four lower than for wayelengths above 1200A whgn 
using a mirror coated wikh %1000A Of aluminum with a 250A mag- 
nesium fluoride overcoat (%SO82 experiment mirrors). 

0 

0 

0 
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Generally speaking, platinum or gold coated optics 
(Figure 6) ( 5 )  are preferred to A1+MgF2 for wavelengths below 
l O O O i  
however, the latter may be selected if there is too much in- 
convenience in changing out optics when syitching experiment 
operation from long XUV wavelength (>1000A)to short wavelength 
(<1000A). 

and are, indeed, used by HCO on the SO55 experiment; 

Reflectance measurements on contaminated XUV-type 
optics display marked degradation at wavelengths above 800A 
when compared to measurements taken on clean optical samples 
of the same variety. Coupling the already low reflectance in 
in these lower wavelengths (approximately 20%) and the dimness 
of source of the sun in wavelengths below 1000A, where the 
fraction of the total solar radiant energy is approximately 
.000001, '(*I any reflectance change in the downward direction 
will result in significant effect on the scientific data ob- 
tained by the instrument, possibly even the total loss of 
important solar data. Reeves Ohas shown that even where class- 100 
clean-room precautions were enforced in the storage of platinum 
coated optical samples, where exposure was limited to cleaned 
and filtered atmosphere and UV radiation over a six-month period, 
the reflectance dropped off by as much as a factor of 1.6 for 
wavelengths above llOOA (Figure 1). It should be noted that 
the presence of UV radiation aggravates optical contamination 
by increasing the adsorption properties of the surface material. 
It has been shown that cleaning a surface after UV photon ex- 
posure will not restore the original optical reflectance prop- 
erties of that surface. Data from OSO-IV (HCO) and OSO-V ( N R L )  
unmanned satellite programs similarly confirms optical degrada- 
tion that was attributed to contamination effects an ultraviolet 
optical elements. Figure 2 demonstrates the method by which 
optical efficiency correction curves were developed by Harvard 
on the OSO-IV mission. A monitor mirror of the same variety 
as the flight instrument's mirror was installed in the optical 
path of the experiment f ive  weeks prior tn flight, at the time 
the system was assembled. The sample mirror experienced the 
same environmental history as the flight system until it was 
removed from the experiment a few hours before lift-off. Measure- 
ments taken on the mirror sample revealed marked reflectance 
degradation over the data taken prior to installation on the 
experiment, particularly in the wavelength range above 700-800A. 
It should be pointed out that since there was no access to the 
O S 0  spacecraft optics after launch, post-launch optical changes 
can only be inferred from total recorded data degradation that 

0 

0 

0 
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may have resulted from optical as well as other system deterioria- 
tions (e.g., signal variations, instrument response changes, 
duty cycle effects, fatigue effects, intermittance effects, 
noise internal and external to the system). 

Several conclusions can be reached from close exami- 
nation of Figures 1 and 2 :  

1. 

2 .  

3 .  

4 .  

Optical degradation from contamination is 
wavelength dependent. 

Major changes in the reflectance of platinum, 
attributable to contamination, occur at wave- 
lengths in the UV above 8 0 0 i .  

Even under ultraclean environmental conditions, 
optics may degrade. Platinum reflectance de- 
graded substantially after six months of class 
100 .clean-room exposure, while ATM experiment 
optics will be exposed to about 2-1/2 years 
of class 10000 clean-room exposure. 

Both platinum samples exhibited roughly 
the same level of degradation whether 
exposed to contamination for five weeks 
or six months. Assuming all other things 
being equal, it appears that the largest 
degree of degradation may occur during the 
first five weeks of exposure. T o  affirm 
this conclusion, of course, a larger statistical 
sample is required. 

Precautions are being taken on Skylab to observe and 
return large quantities of data on the contamination environ- 
ment exkernal to a large earth orbiting manned spacecraft. 
The T O 2 7  experiment will return optical samples (including 
ATM type optics) that have been exposed to the environment 
near the orbital assembly (OA), a very sensitive photometer 
on TO27 wiii record the light scattering enviroment near  the 
OA, as will the SO52 ATM coronagraph. Cold cathode pressure 
gauges will be mounted within ATM that will monitor pressure 
buildup in the ATM experiment package, and quartz crystal 
microbalance devices on the ATM and on the TO27 experiment 
will measure deposition of contaminants with good time reso- 
lution. Although these instruments will provide a wealth of 
information about the optical environment external to the 
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spacecraft, localized contamination effects on experiments 
from outgassing products and other spacecraft effluents may 
not be known with any great accuracy. 

As in the O S 0  program, mirror samples will be 
installed within the ATM experiments package to determine 
the pre-flight processing effects on the reflectance of 
optics. The Skylab approach, however, will allow samples 
to be retrieved periodically, at various steps in the pro- 
gram, and thus should give a reasonably accurate time history 
of prelaunch optical contamination. Should particular phases 
of the processing reveal inordinately large optical degradation 
when compared with other phases, additional resources will 
undoubtedly be focused in rectifying the problem and in clean- 
ing up the contributing elements on future programs. One 
further step should be taken on Skylab in acquiring data on 
contaminant deposition on ATM optical elements. Using the 
previously discussed capability for prelaunch retrieval of 
ATM optical contamination samples, monitor samples should be 
emplaced in the experiment package at the latest possible 
time in prelaunch space vehicle processing and removed during 
the normal extravehicular astronaut film retrieval activities 
in orbit. Extending this capability to in-flight sample re- 
trieval would cause little impact, but would provide data that 
may help identify ATM localized optical degradation. This would 
provide information on contaminant consistencies and abundances 
with some time resolution. Although it would be highly de- 
sirable to incorporate such samples within the individual ex- 
periments, such implementation is not possible at this time 
in the program. 

Yield Degradation of Photoelectric Devices 

The S055A experiment will photoelectrically record 
solar characteristics using open channel photomultipliers of 
the Bendix Continuous Channel Electron Photomultiplier (Chan- 
neltron) variety. Experience on comparable experiments with 
similar photoelectric detecting devices on unmanned satellites 
has shown unpredictable degradation in phetsmultiplier gain 
that is both wavelength and time dependent. (15' 4 ,  
been theorized that this degradation may be linked to depo- 
sition of spacecraft outgassed products on the photocathodes 
of these deviced and also to the effect of prolonged exposure 
to the hard vacuum of space that ultimately causes a "clean- 
up" or nscrubbingn effect on the more weakly bound condensed 
contaminants. 

It has 
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Reeves has shown ( 4 )  that sensitivity changes occurred to the 
Harvard photomultiplier on OSO-IV shortly after the instru- 
ment was turned on in orbit and it continued to deteriorate 
until the degradation stabilized after approximately four 
weeks of operation (see Figure 3 ) .  Changes in sensitivity 
at wavelengths longer than 970A increased by about a factor 
of 6 after about a week of instrument operation in orbit and 
then stabilized at about three times the initial level after 
a month of operation. For some wavelengths in the range be- 
low 850A the photomultiplier was observed to behave in an 
opposite sense, the sensitivity of the instrument dropped by 
a factor of about six after about a week of operation and 
then stabilized at a level of about 3.5 below the original 
intensity some two weeks later. In short, the wavelength 
sensitivity increased at longer wavelengths and often de- 
creased at shorter wavelengths. 
intensity degradation on OSO-111. 

0 

0 

Hintereggar reported similar 
(15)  

Madden has shown (14) in the laboratory that very 
clean tungsten photocathodes have photoelectric yields which 
are sensitive to even monolayers of contamination and that 
different effects are exhibited by different contaminating 
gases (see Figure 4). Therefore, it is to be expected that 
the typical complex outgassing products from a spacecraft 
may result in dramatic changes in both magnitude and wave- 
length distribution of photoelectric yield. Madden's group 
also showed (14' 16) that the scrubbing effects of high vacuum 
will alter the yield of photoelectric devices coated with a 
stabilized layer of contamination. 
results in substantia1,dropoff in photoelectron output at 
wavelengths below 1000A. 

This cleaning effect 

As part of the Skylab Ground-Based Astronomy Program, 
the Optical Physics Division of the National Bureau of Standards 
has been awarded a contract") to continue investigating the 
e f f e c t  of the  r e ~ ~ v a l  or addition of monolayers of contaminating 
substances (simple hydrocarbons will be used) on the performance 
of tungsten photocathodes. These tests will be conducted in 0 

vacua of 10 -lo torr, over the wavelength range of 500 to 1500A. 
This study will determine the contribution of surface contami- 
nants to the yield of photoelectric devices and should help 
greatly in the proper interpretation of orbital changes or in 
the adjustment of surface materials of similar photoelectric 
detectors. 
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Photographic  F i l m  Degradation 

T h e  NRL S082A and S082B experiments  r eco rd  so la r  

F i l m  response  i s  c h a r a c t e r i z e d  
phenomena on photographic  f i l m  o f  t h e  Kodak SWR (Shor t  Wave- 
l e n g t h  Rad ia t ion )  v a r i e t y .  
by the well-known H&D (Hur te r  and D r i f f i e l d )  curve  t h a t  is  a 
p l o t  of t h e  loglo of fogging d e n s i t y  ( o r  o p a c i t y )  vs. t h e  

loglo of  exposure.  
f o r  each f i l m  and is known t o  change i n  t i m e  w i t h  t empera ture ,  
r a d i a t i o n ,  humidi ty ,  p r e s s u r e ,  and age ,  among o t h e r  t h i n g s .  
Curve changes are r e p r e s e n t e d  by a r ise i n  s e n s i n g  t h r e s h o l d ,  
a l a t e ra l  d isp lacement ,  t w i s t i n g  or  d i s t o r t i o n s ,  o r  combina- 
t i o n s  of  t h e s e  e f f e c t s .  
t h a t  can occur  t o  f i l m  c h a r a c t e r i s t i c s .  (17) 
f i l m  c h a r a c t e r i s t i c s  may a l t e r  i n t e r p r e t a t i o n  o f  t h e  s i g n a l  
s t r e n g t h  of  t h e  observed phenomena, change t h e  s p a t i a l  r e s o l u -  
t i o n  of  t h e  data ,  o r  i n  more d r a s t i c  cases completely d e s t r o y  
t h e  recorded  obse rva t ion .  Absolute c a l i b r a t i o n  p rov ides  a 
necessa ry  gauge fo r  i n t e r p r e t i n g  t h a t  which is  genuine s i g n a l  
s t r e n g t h  and t h a t  which i s  no i se  i n  t h e  recorded  d a t a .  

T h i s  f ami l i a r  S-shaped curve  i s  d i f f e r e n t  

Figure 5 shows t h e  types  of deg rada t ion  

Such d i s t o r t i o n  t o  

C a l i b r a t i o n  Techniques 

T h i s  s tudy  w a s  undertaken t o  de termine  whether there 
w e r e  means a v a i l a b l e  t h a t  w o u l d  a l l o w  on-board c a l i b r a t i o n  of  
ATM W ins t rumen t s  i n  p l a c e  of a c o s t l y  complex c a l i b r a t i o n  
rocket program. 

i n v e s t i g a t e d ;  namely, use  of :  
Four b a s i c  approaches t o  c a l i b r a t i o n  have been 

1. 

2 .  

3 .  

4 .  

Another Skylab experiment o p e r a t i n g  i n  
t h e  same u l t r a v i o l e t  wavelength range  
fo r  c a l i b r a t i n g  ATM exper iments ,  

A s t anda rd  l i g h t  source  of lcriowr; 
c h a r a c t e r i s t i c s  f o r  c a l i b r a t i n g  ATM 
UV experiments ,  

A s t anda rd  d e t e c t o r  f o r  comparison a g a i n s t  
ATM UV experiment recorded  d a t a ,  and 

Fresh c a l i b r a t i o n  rocket ins t ruments  
observ ing  t h e  same phenomena and comparing 
recorded  d a t a  w i t h  ATM UV experiment  d a t a .  
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Attachment I identified a general evaluation of 
the various approaches. The reader is directed to the 
literature (5'6r7'8' la) for further information relative to the 
available sources and detectors since comprehensive discus- 
sion of the characteristics of these equipments would be far 
too detailed for this memorandum. 

Some general observations can be culled from the 
information on calibration techniques provided in Attachment I: 

1. 

2.  

3 .  

4 .  

5. 

All instrumentation on board the orbital 
assembly may undergo changes similar to 
the ATM W experiments, in the presence of 
the hostile space environment and normal 
aging processes of the system. 

Other W experiments on Skylab are 
sufficiently different from ATM experi- 
ments from an optical and detector 
standpoint, to make them unusable for 
calibrating ATM ultraviolet experiments. 

It is not feasible to observe stellar 
sources of known intensity with ATM 
instruments because the accuracy of the 
vehicle pointing control system and the 
sensitivity of the on-board television 
display is insufficient for locating a 
star within the field-of-view of the SO55 
or SO82 experiments. In addition, the 
point source would not fill the experiment 
slits ( 5  ';e'c x 5 a for SO55 and 2 x 
60 for S082B), nor would the fixed 
exposure times of ATM experiments be com- 
patible with stellar light levels. 

Incorporation of artificial light sources 
internal to the ATM z a i ~ i s t e r  is nst possible 
at this stage of the program. Consideration 
of artificial light sources external to the 
ATM is impractical. 

Detector standards are not practicable 
because they are complicated to use, must 
be calibrated themselves, and require other 
sources and detectors for comparison. 
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6.  No s t a b l e  p r a c t i c a l  a r t i f i c i a l  s o u r c e s  a r e  
a v a i l a b l e  t h a t  cover a s u f f i c i e n t  W wave- 
l e n g t h  range,  are f l i g h t  q u a l i f i e d ,  o r  are 
g e n e r a l l y  u s a b l e  i n  o t h e r  than  t h e  conf ines  
o f  a c o n t r o l l e d  l a b o r a t o r y .  The o n l y  a c c e p t a b l e  
e s t a b l i s h e d  s t anda rd  f o r  r a d i a t i o n  from t h e  XUV 
t o .  t h e  I R  i s  t h e  synchrotron which i s  a ground- 
based f a c i l i t y .  

7. Absolute  i n t e n s i t y  c a l i b r a t i o n  i n  t h e  c o n t r o l l e d  
l a b o r a t o r y  wi th  accepted  l i g h t  s t a n d a r d s  i n  i t s e l f  
i s  probably a c c u r a t e ,  a t  b e s t ,  t o  abou t  1 0  o r  15% 
i n  t h e  wavelength range above 1 0 0 0 A .  

0 

8. The Na t iona l  Bureau of S tandards  has  r e c e n t l y  
been commissioned t o  develop a s t a b l e  Hydrogen 
Continium Standard  t h a t  w i l l  cover  t h e  extreme 
u l t r a v i o l e t  range  through t o  v i s i b l e  r a d i a t i o n ,  
500 t o  5000A, w i t h  s u f f i c i e n t  i n t e n s i t y  l e v e l s .  
This  s t a n d a r d  w i l l ,  hope fu l ly ,  be  avai lable  f o r  
c a l i b r a t i n g  ATM UV c a l i b r a t i o n  r o c k e t  experiments  
i n  t h e  l a t t e r  p a r t  of 1 9 7 2  and d u r i n g  1973. The 
f e a s i b i l i t y  o f  us ing  a mature i n t e g r a t e d  v e r s i o n  
of t h i s  sou rce  f o r  f u t u r e  manned space  experiments  
o p e r a t i n g  i n  t h e  u l t r a v i o l e t  wavelength range 
(e .g . ,  Skylab B ,  S h u t t l e ,  e tc . )  shou ld  be explored .  
It should  be  poin ted  o u t  t h a t  s e v e r a l  o b s t a c l e s  
t o  t h i s  approach e x i s t ,  namely: 

0 

a. The s t anda rd  w i l l  degrade i n  o r b i t .  

b .  The s t a n d a r d  m u s t  be  p e r i o d i c a l l y  
c a l i b r a t e d .  

c. S i z a b l e  power s u p p l i e s  are r e q u i r e d  
t o  suppor t  t h e  o p e r a t i o n  o f  t h i s  
device. 

d .  The use  o f  hydrogen i s  hazardous,  
p a r t i c u l a r l y  wi th  an open-windowed 
f r e e  f l o w  device,  r equ i r ed  f o r  wave- 
l e n g t h s  below 1050A. 

0 
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e. The s u s c e p t i b i l i t y  t o  v o l t a g e  break- 
down of experiment h igh  v o l t a g e  power 
s u p p l i e s  i n  t h e  presence  of f r e e  
f lowing hydrogen i n c r e a s e s  markedly 
even w i t h  inco rpora t ion  of a d i f f e r e n -  
t i a l  pumping system t o  d i r e c t  t h e  
vapor flow. 

A t r a d e o f f  is  r e q u i r e d  t h a t  compares development and implemen- 
t a t i o n  o f  a f l i g h t  u l t r a v i o l e t  l i g h t  s t anda rd  source  w i t h  
c a l i b r a t i o n  r o c k e t  f l i g h t s  and a l s o  a g a i n s t  resupply  miss ions  
t h a t  i n c l u d e  replacement  of aged and degraded UV o p t i c s ,  
p h o t o e l e c t r i c  d e t e c t o r s ,  and f i l m  i n  l i e u  of  W d a t a  c a l i b r a t i o n .  
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FIGURE 4. CONTAMINATION EFFECTS ON PHOTOELECTRIC Y I E L D  OF TUNGSTEN 
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F I G U R E  5 .  ENVIRONMENTAL DEGRADATION OF PHOTOGRAPHIC F I L M  
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GRAZING INCIDENCE OPTICS 
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NORMAL 

1000 1500 
WAVELLNGTH d] 
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(W. Hunter & G. Hass, 1971) 

.Wavelength (8) 

Normal incidence rcflcctance of Au and Pt as a function of wavelength. 

(J. A. R. Samson, 1967) 

INCIDENCE OPTICS 

FIGURE 6. REFLECTANCE OF ATM-TYPE OPTICAL ELEMENTS 
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Table  1 

VACUUM ULTRAVIOLET LIGHT SOURCES 

C o n t i n u u m  

0 

0 

0 

0 

0 

0 

0 

0 

H 2  GLOW DISCHARGE 

RARE GAS GLOW DISCHARGE 

CONDENSED SPARK 

MICROWAVE EXCITATION 

MICROWAVE CAVITY 

FLASH TUBE 

BREMMSSTRAHLUNG -- X-RAY TUBE 

CARBON ARC 

LOW CURRENT ARC 

HIGH CURRENT ARC 

COMPACT OR SHORT ARCS 

HYDROGEN OR DEUTERIUM ARC 

X e / H g ,  X e ,  OR H g  ARCS 

ZIRCONIUM CONCENTRATED ARC 

ARGON VORTEX STABILIZED ARC 

INCANDESCENT SOURCES 
BLACKBODY SOURCES 

QUARTZ - IODINE TUNGSTEN COIL  

TUNGSTEN RIBBON 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Line  Spectra 

COLD CATHODE GLOW DISCHARGE 

DC GLOW DISCHARGE 

HUNTER LAMP 

HOLLOW CATHODE - SCHULER LAMP 

HOT FILAMENT ARC DISCHARGE 

DUOPLASMATRON 

MICROWAVE OR RF GLOW DISCHARGE 

CONDENSED SPARK 

LOW PRESSURE MERCURY ARC 

CADMIUM AND ZINC ARCS 

PHOSPHORS - C a F 2 ,  N a C l  + A g C 1 ,  

N a B r  + A g C l  

CERENKOV SOURCES 

LASERS 
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